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1	Introduction
An objective of the 5G study item [1] is to identify and develop technology components needed for new radio (NR) systems being able to use any spectrum band ranging at least up to 100 GHz. The goal is to achieve a single technical framework addressing all usage scenarios, requirements and deployment scenarios defined in TR38.913 [2]. 
This contribution relates to the DL control channel design for NR. We focus on the scenario with different numerologies for control and data. In RAN1 #86bis, the following agreements related to this topic were made [3]:
Agreements:
· NR should support both data and control with the same numerology
· Study impact and benefits of allowing the transmission of DL control information and data transmission to a UE within the same slot interval using different numerologies in TDM or FDM manner
· Above may apply both slot and mini-slot
· Study impact and benefits of allowing the transmission of uplink control information and data transmission from a UE within the same slot interval using different numerologies in TDM or FDM manner
· Above may apply both slot and mini-slot
· Followings applies both DL and UL
· The associated DM-RS for data/control transmission still uses the same numerology as the data/control transmission
· FFS: Control channel performance under different numerologies, Overhead saving, Control channel capacity; Quantify timeline saving, UE complexity

2	Discussion 
As agreed in 3GPP RAN1#85, multiplexing different numerologies within a same NR carrier bandwidth (from the network perspective) is supported. From UE point of view, dynamic numerology adaptation based on TDM, could provide certain benefits compared to the scenario where control and data apply the same numerology. It could for example provide opportunities for dynamic scheduling between multiple numerologies as well as improved PDCCH capacity in the case of RF beamforming.

Dynamic scheduling between multiple numerologies will increase the PDCCH blind detection burden compared to the scenario with a single numerology. It may be a challenge, for at least certain UE categories, to decode multiple numerologies simultaneously e.g. due to tough delay budget and hardware limitations.

One option to reduce DCI detection burden is to use predetermined subcarrier spacing for at least the first control symbol of the slot (e.g. according to reference numerology). The first control symbol with predetermined subcarrier spacing contains the information about subcarrier spacing used in the rest of the slot. Figure 3 shows three examples where DL control channel is based on 60 kHz numerology. Regardless of the numerology selected for data channel, the subcarrier spacing of the first control symbol is 60 kHz.

Observation #1: Dynamic scheduling of multiple numerologies increases PDCCH blind detection burden at UE
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Figure 1 Exemplary slot structures with different numerologies (15 kHz, 60 kHz) for control and data parts, reference numerology = 15 kHz. 

The beamforming architecture used in the BS needs to be taken into account also in the PDCCH design. Typical characteristics for hybrid beamforming operating with limited number of RF beams in parallel is that the beams can cover only portion of the cell coverage at a time as shown Figure 3. In this example the BS has capability to form 2 RF beams at a time. The more narrow beam the less UEs can share the same beam and thus the multiplexing capacity will be limited by the number of TXRUs. Having multiple PDCCH symbols per slot with an opportunity for RF beam switching between PDCCH symbols can be seen as an enabler for improved PDCCH capacity with RF beamforming. It can be noted that shortening the symbol length for PDCCH (compared to data) allows to make it without increasing the PDCCH overhead. 
Observation #2: With RF beamforming, multiple short PDCCH symbols increases the PDCCH capacity compared to the case with one longer PDCCH symbol
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Figure 3 Sector coverage using limited number of narrow RF beams at a time.

2.1. 	Performance evaluation
In the following, we investigate the link performance of DL control channel with 15 kHz and 60 kHz subcarrier spacings. The simulation scenario corresponds to TDL-C-1000 with a large delay spread, and this can be seen as a challenging channel especially for 60 kHz SCS (see details in [4]).  
Table 1 shows the assumptions used to construct the PDCCH in two simulation scenarios, and Table 2 illustrates the common simulation assumptions, respectively. Simulation results shown in Figure 2 illustrate that 15 kHz and 60 kHz subcarrier spacings have equal DL control channel performance even in the considered long delay spread channel (despite of ICI due to excessive delay spread beyond CP length). On the other hand, as shown e.g. in [5], 60 kHz is not a sufficient solution for data channel in TDL-C-1000ns channel. These results indicate that from performance point of view, it is feasible to have larger subcarrier spacing for control compared to that of data. 

Observation #3: From performance point of view, it is feasible to have larger subcarrier spacing for control compared to that of data.

Proposal #1: Consider different numerologies for control and data as an enabler for dynamic scheduling between multiple numerologies, and for improved PDCCH capacity in the case of RF beamforming.
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Figure 2 Comparison between subcarrier spacing of 15 kHz and 60 kHz

Table 1 PDCCH construction
	
	        PDCCH 15 kHz
	     PDCCH 60 kHz

	Subcarrier spacing
	15 kHz
	60 kHz

	Number of PDCCH symbols
	1
	4

	Cyclic Prefix length
	4.8 us
	1.2 us

	DMRS Density
	Every 4th subcarries
	First OFDMA symbol 



Table 2 Simulation parameters
	Parameter
	Value

	Number of Tx antennas
	2

	Number of Rx antennas
	2

	Antenna diversity method
	SFBC

	Number of data  REs
	72, Localized allocation

	Number of DMRS REs
	24

	Modulation
	QPSK

	Radio Channel
	TDL C 1000 ns

	Channel estimation method
	MMSE

	Channel coding
	Tail baiting convolutional coding

	Coding rate
	1/3

	Number of coded Bits
	48



3	Conclusions
In this contribution we have discussed the DL control channel structure and especially on the scenario with different numerologies for control and data. Based on the discussion and simulation results, we make the following observations and a proposal:
Observation #1: Dynamic scheduling of multiple numerologies increases PDCCH blind detection burden at UE
Observation #2: With RF beamforming, multiple short PDCCH symbols increases the PDCCH capacity compared to the case with one longer PDCCH symbol.
Observation #2: From performance point of view, it is feasible to have larger subcarrier spacing for control compared to that of data.

Proposal #1: Consider different numerologies for control and data as an enabler for dynamic scheduling between multiple numerologies, and for improved PDCCH capacity in the case of RF beamforming.
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